The antimycobacterial role of eosinophil peroxidase (EPO), one of the most abundant granule proteins in human eosinophils, was investigated. Our data indicate that purified EPO shows significant inhibitory activity towards Mycobacterium tuberculosis H37Rv. On a molar basis, this activity was similar to that exhibited by neutrophil myeloperoxidase (MPO) and was both dose and time dependent. In contrast to the activity of MPO, which requires H 2 O 2 , EPO also exhibited anti-M. tuberculosis activity in the absence of exogenously added peroxide. Morphological evidence confirmed that the mechanism of action of EPO against mycobacteria differs from that of MPO. While MPO kills M. tuberculosis H37Rv exclusively in the presence of hydrogen peroxide, it does not induce morphological changes in the pathogen. In contrast, EPO-treated bacteria frequently had cell wall lesions and eventually underwent lysis, either in the presence or in the absence of H 2 O 2 .
Granulocytes respond at the onset of microbial invasion and migrate from the blood into tissues, where they participate in the early inflammatory response. However, the involvement of these cells in the host response against Mycobacterium tuberculosis is controversial (9, 16, 17, 39, 40) . Mycobacterium species, including M. tuberculosis, induce neutrophil influx in animal models (3, 4, 5, 6, 45) . Isolated neutrophils ingest M. tuberculosis and initiate a respiratory burst (31) that is capable of killing M. tuberculosis (9) . In addition, neutropenia has been cited as a risk factor for mycobacterial infection (32) . It has been shown that eosinophilic granulocytes may also participate in the inflammatory response initiated by M. tuberculosis (12) , but even in this case the role of these granulocytes remains to be established (27) . In contrast, convincing evidence for the role of macrophages in both intracellular replication of and resistance to M. tuberculosis has been obtained (26) . These findings have led researchers to focus their efforts on the M. tuberculosis-inactivating mechanisms of macrophages instead of granulocytes. In the latter cells, however, at least two kinds of antimycobacterial proteins have been described: peroxidases and defensins (8, 29, 38) .
Leukocyte peroxidases are known to have bactericidal activity against a wide spectrum of microorganisms (18, 29) . Recently, we reported that neutrophil myeloperoxidase (MPO) purified from human granulocytes is able to kill both M. tuberculosis H37Rv and clinical isolates (8) . This activity could be relevant in vivo since neutrophils precede activated macrophages at an M. tuberculosis-infected site. However, even in neutrophils, M. tuberculosis can hinder degranulation and reduce contact between the intraphagosomal released peroxidase and the pathogen (37) . Therefore, MPO can interact with the M. tuberculosis surface only in the extracellular medium or after endocytosis, since fusion of endocytic vesicles with the phagosome is not eliminated in M. tuberculosis-infected cells (13, 42) . The latter conditions, however, are unlikely to allow optimal activity of MPO in vivo, since in the extracellular environment the concentration of H 2 O 2 , the peroxidase cosubstrate, is low due to both intra-and extracellular degradation. Macrophages also endocytose MPO to a small extent (54, 55) . Therefore, we evaluated the possibility that eosinophil peroxidase (EPO) can have antimycobacterial effects, since this enzyme is present at high levels in the specific granules of eosinophils (1, 52) and is endocytosed to a large extent by phagocytes (54, 55) . Accordingly, it should have the ability to reach the M. tuberculosis-containing phagosome interior, as reported for other membrane-borne vesicles (13, 42) . Furthermore, EPO is known to exhibit activity at H 2 O 2 concentrations lower than that required by MPO (33) . Finally, EPO has been reported to have parasitocytocidal or cytocidal effects, even in the absence of the cosubstrate (23, 36) .
In this study, we showed that EPO is able to kill M. tuberculosis H37Rv at concentrations similar to those required for MPO killing of M. tuberculosis. However, this antimycobacterial activity does not require hydrogen peroxide. In the presence of the cosubstrate, no viable M. tuberculosis cells were found after 24 h of exposure to EPO. Morphological evidence also demonstrated that the damage induced by EPO on M. tuberculosis is different from that induced by MPO. The possibility that EPO could be exploited as an anti-M. tuberculosis agent in an animal model is discussed below.
at 428 nm to absorption at 280 nm (Rz) (commonly used as a criterion of purity for heme peroxidases) of 0.75, which indicates a high level of purity (51) ; its concentration in 25 mM phosphate buffer (pH 7.0) was 1.6 mg/ml (10.7 M).
Highly purified EPO was obtained from eosinophilic human blood. Leukocytes, prepared as previously described (53) , were extracted at 0°C for 12 h with 0.1 M sodium acetate buffer (pH 4.7) containing 0.1 M sodium sulfate and 0.075% cetyltrimethylammonium bromide. The procedure was repeated twice, and after 45 min of centrifugation at 20,000 ϫ g, the two supernatants were combined (final volume, 25 ml). The eosinophil extract, extensively dialyzed against 25 mM phosphate buffer (pH 7.0) containing 0.5 M NaCl, was centrifuged again for 45 min at 20,000 ϫ g and fractionated in two steps by ionexchange chromatography by using a fast protein liquid chromatography system (Pharmacia, Uppsala, Sweden). In the first step, the anionic components were removed from the extract by passage through a Mono-Q column, which retained anions and excluded cations. The unbound proteins, which included EPO, were subsequently passed over a Mono-S column (strong cationic exchanges). Fractions (0.5 ml) were collected after a linear gradient of 0 to 2 M NaCl dissolved in 25 mM phosphate buffer (pH 7.4) was applied. EPO eluted from the column at 1.7 to 2.0 M NaCl. The purified enzyme had the typical absorbance spectrum reported previously (11, 34) and had an Rz of 1.10, which is almost the highest purification index reported to date (11, 34) . The purity of the enzyme was also demonstrated by the results of nonreducing sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), which produced a single band at approximately 66 kDa, as expected (see below). The enzymatic activity of EPO (protein concentration, 0.32 mg/ml [5 M] in 25 mM phosphate buffer [pH 7.0]) was analyzed by using either the guaiacol oxidation method (41) or the TMB method (33) .
Where indicated below, we exposed bacteria to EPO that were treated with the peroxidase inhibitor aminotriazole in order to evaluate the dependence of the EPO antimycobacterial effect on the enzymatic activity. EPO from the stock solution (5 M) was exposed to 5 mM aminotriazole and 100 nM H 2 O 2 . After 20 min, the mixture was extensively dialyzed against 25 mM phosphate buffer (pH 7.0) and added to bacteria at a final concentration of 1 M. The enzymatic activity of aminotriazole-treated EPO was strongly (85%) inhibited, as judged by the guaiacol oxidation method.
Bacteria and bactericidal activity. In order to evaluate the antitubercular effect of EPO, we utilized M. tuberculosis strain H37Rv (Pasteur Institute, Paris, France). The bacteria were grown on Lowenstein-Jensen medium for 3 to 4 weeks, resuspended at a concentration of 6 ϫ 10 6 to 8 ϫ 10 6 cells/ml in Middlebrook 7H9 broth (Difco Laboratories, Detroit, Mich.) without supplements, and incubated for different lengths of time (0 to 24 h) in PBS either in the presence or in the absence of 0.25 mM hydrogen peroxide (depending on the enzymatic analysis of EPO shown in Fig. 1 ) along with different amounts of purified EPO or MPO. Each mixture was appropriately diluted in PBS, and each dilution was plated in triplicate on Middlebrook 7H11 agar (Difco) enriched with OADC supplement (Difco). The agar plates were then incubated at 37°C, and the numbers of CFU were determined after 3 to 4 weeks. It was interesting that EPO (or MPO) treatment did not increase low-grade spontaneous bacterial clumping either in the presence or in the absence of H 2 O 2 , as judged by light microscope observation after 2% glutaraldehyde fixation. An increase in clumping was observed by scanning microscope analysis (see below). This effect seemed to be induced by the procedure used to prepare bacteria for the ultrastructural analysis, since it was not observed with the light microscope. When the bacteria were almost completely lysed, some clumps were observed. In our opinion this did not lead to overestimation of the killing effect, since the clumps were composed primarily of bacterial fragments and contained few, if any, entire bacteria. When present, whole bacteria did not appear to exhibit increased aggregation.
The halide dependence of the antimycobacterial activity of EPO was tested by the method of Klebanoff et al. (28) . Briefly, EPO (final concentration, 0.25 M, corresponding to about 100 to 150 pmol/10 6 M. tuberculosis cells) was added to a suspension containing 2 ϫ 10 5 H37Rv cells in 25 mM sodium phosphate buffer (pH 7.0) supplemented with 0.067 M sodium sulfate and, where indicated, 0.1 M NaCl, 0.2 mM NaI, or 0.2 mM NaBr either in the presence or in the absence of 0.25 mM H 2 O 2 . After 60 min of incubation at 37°C, the suspensions were appropriately diluted, and the CFU were counted as described above.
SEM. The effects of MPO and EPO on the morphology of M. tuberculosis were examined by scanning electron microscopy (SEM). Suspensions containing 1 ϫ 100 g of protamine per ml. After each time interval, portions were fixed in 2.5% glutaraldehyde in 0.1 M sodium cacodylate buffer (pH 7.4) for 90 min. The bacteria were washed twice in PBS, placed on glass coverslips (previously coated with poly-L-lysine) for 1 h, and then processed for SEM. Briefly, the coverslips were dehydrated in a graded 50 to 100% ethanol series, dried in a CO 2 apparatus (Bal-Tec; EM Technology and Application, Furstentum, Liechtenstein), sputter coated with gold in a Edwards S150A apparatus (Edwards High Vacuum, Crawley, West Sussex, United Kingdom), and examined with a Leica Stereoscan 430i scanning electron microscope (Leica Cambridge Ltd., Cambridge, United Kingdom).
Transmission electron microscopy (TEM). Suspensions of M. tuberculosis, which were either not treated or exposed for 2 h to either EPO alone (0.2 M) or EPO (0.2 M) and H 2 O 2 (0.25 mM) in the presence of Cl Ϫ (present in PBS), were fixed for 1 h in a solution of 2% glutaraldehyde (Serva, Heidelberg, Germany) in 0.1 M cacodylate buffer (pH 7.3) containing 0.03 M CaCl 2 . The fixed bacteria were washed twice (10 min each) with 0.1 M cacodylate buffer and then postfixed with 1% osmium tetroxide for 1 h at 4°C. Postfixed bacteria were dehydrated with an ascending ethanol series ending with 100% ethanol and then embedded in Dow epoxy resin (DER332; Unione Chimica Europea, Milan, Italy) and DER732 (Serva), as previously described by Zabucchi et al. (30, 54) . Ultrathin sections were prepared with an Ultrathome III (LKB, Pharmacia) and then were double stained with lead citrate and uranyl acetate and observed with a transmission electron microscope (EM208; Philips, Eindhoven, The Netherlands).
RESULTS
EPO isolated from eosinophilic blood was first tested for purity and characterized enzymatically. In nonreducing SDS-PAGE (Fig. 1, inset) , the enzyme produced a single band when 3 to 6 g of protein was loaded. The absorbance spectrum is shown in Fig. 1 and has an absorption maximum near 415 nm that is typical of EPO (11, 34) . Its Rz (the Rz is commonly used as a criterion of purity for heme peroxidases) was 1.10, suggesting that the level of purity was very high (11). Figure 2 shows the H 2 O 2 and halogen dependence of EPO oxidative activity at pH 5.5 (with TMB as the substrate) or at pH 7.0 (with guaiacol as the substrate). At pH 5.5, optimal activity was obtained in the presence of 0.4 mM H 2 O 2 and bromide. In the presence of chloride, the maximal activity was similar, but the optimal concentration of hydrogen peroxide was lower (0.25 mM). In the absence of halogen or in the presence of iodide, the optimal activity was less than one-half that observed with chloride or bromide and was observed at H 2 O 2 concentrations higher than 0.4 mM. The opposite pattern was observed at pH 7.0. In this case, the maximal activity was observed in the absence of halogen or in the presence of iodide and at a lower concentration of H 2 O 2 (0.25 mM). In the presence of chloride or bromide, the EPO activity was about 35% lower than the activity observed with iodide and did not vary significantly in the hydrogen peroxide concentration range from 0.25 to 0.6 mM. No activity was found when the EPO enzymatic activity was tested in the absence of H 2 O 2 either at pH 5.5 or at pH 7.0. Figure 3a shows the dose response of the bactericidal activity of EPO against M. tuberculosis H37Rv in the presence of H 2 O 2 (0.25 mM) and chloride (100 mM) after 1 h of coincubation. The maximum effect was observed with 0.25 to 0.5 M EPO, since after the same incubation time with 15 M EPO, the anti-M. tuberculosis effect was not greater. MPO has the same effect at a concentration of 2 M. H 2 O 2 alone has no bactericidal activity. Figure 3b shows the time course of the antimycobacterial effect of EPO. The maximum effect, as monitored after short incubation times, was observed after about 60 min, when the number of CFU was reduced to about 22% of their initial number. However, when the incubation time was increased to 24 h, no CFU were found, demonstrating that under these conditions EPO completely killed the pathogen. When the antimycobacterial effect of EPO was assayed in the absence of hydrogen peroxide, it was found that EPO had bactericidal activity. Figure 4 shows that this activity, whose maximum value was observed when the concentration of EPO was 0.5 to 0.7 M, was comparable to the activity exhibited by the enzyme in the presence of H 2 O 2 , even though in the former case the antibacterial activity was slightly weaker. Under these conditions, increasing the incubation time to 24 h did not result in a stronger effect. Conversely, in the absence of H 2 O 2 , 2 M MPO had no mycobactericidal activity at all. Increasing the MPO concentration to 10 M and increasing the incubation time to 24 h did not improve the anti-M. tuberculosis activity of MPO in the absence of hydrogen peroxide (data not shown).
The findings shown in Fig. 2 suggest that the enzymatic activity of EPO is dependent on the presence of specific ha- lides. These findings confirm those reported by other authors (15, 46, 50) showing that EPO is more active with iodide or bromide, even though it has been reported that the enzyme works with chloride as well (10, 24, 25, 28) . Accordingly, we evaluated the halide dependence of the antimycobacterial activity of EPO. To do this, we exposed M. tuberculosis to EPO and different halides for 2 h either in the presence or in the absence of H 2 O 2 . Figure 5b shows that even in the absence of halides, EPO plus H 2 O 2 exhibited killing activity against M. tuberculosis, which almost reached the maximum level of activity in the presence of halides. However, changing the halide did not significantly influence the anti-M. tuberculosis activity. In the absence of H 2 O 2 (Fig. 5a ), the killing activity was lower, but similarly, varying the halide had no effect.
As expected, inhibition (85%) of the enzymatic activity of EPO with aminotriazole did not influence the killing activity exhibited by EPO alone, while only slight inhibition was observed in the presence of hydrogen peroxide. Figure 6 shows the morphology of peroxidase-treated M. tuberculosis as observed by SEM. Three types of morphology (Fig. 6a, c , and e) were observed; control and MPO-treated bacteria had the morphology shown in Fig. 6a , and the morphology shown in Fig. 6c was observed mainly with bacteria that were treated for 45 min with EPO, either in the presence or in the absence of H 2 O 2 . The surfaces of these microorganisms appeared to be covered by structures that were absent from control M. tuberculosis cells. These structures could be either blebs from the bacterial body or bacterial fragments derived from lysed M. tuberculosis cells and attached to intact cells.
Among the mycobacteria treated with EPO for 120 min in the presence or in the absence of H 2 O 2 , the morphology shown in Fig. 6e predominated. The structures appeared to be clumps of blebs or fragments, and many bacterium-derived blebs or fragments were present in the background.
Figures 6b, d, and f show the time course of the changes induced by EPO and H 2 O 2 in M. tuberculosis at a low magnification. Figure 6b shows the appearance of bacteria at the time of EPO addition (time zero). After 45 min of incubation (Fig. 6d) , most M. tuberculosis cells showed the "blebbing" morphology shown in Fig. 6c , while only some of the cells were lysed. After 120 min (Fig. 6f) , most bacteria were completely lysed, and only some of them still had a rod-like appearance; in addition, many clusters of bacterium-derived blebs or fragments were present. In the absence of H 2 O 2 EPO-treated bacteria showed (although to a lesser extent) the same morphological changes induced by EPO plus H 2 O 2 . Specifically, after 45 min of incubation many bacteria had the blebbing appearance, and severely damaged bacteria were rarely seen. After 120 min of incubation more than 50% the M. tuberculosis cells were lysed. These morphological alterations were dependent on the presence of EPO. They were completely absent in M. tuberculosis exposed to MPO, H 2 O 2 , or MPO and H 2 O 2 , even if under the latter conditions they were killed. Since EPO is more cationic than MPO (52), we investigated whether other highly cationic compounds are able to mimic the activity of EPO that induces cell wall alterations in M. tuberculosis. Incu- (Fig. 7) . When this method was used, blebs were frequently seen under the former conditions (Fig.  7b, inset) , but they were not as abundant as would have been expected on the basis of the SEM analysis. Conversely, bacteria that were undergoing lysis (mainly with EPO alone) (Fig. 7b) or that were completely lysed (mainly with EPO plus H 2 O 2 ) (Fig. 7c) were abundant.
DISCUSSION
In this report, we show that EPO exhibits bactericidal activity against M. tuberculosis. After demonstrating the high level of purity of our EPO preparation, we characterized its enzymatic activity at pH 5.5 and 7.0 in order to find the most appropriate assay conditions for evaluating its bactericidal activity. On the basis of our findings and considering that (i) the EPO activity in the presence of chloride is never markedly different from the maximal activity recorded in the presence of other halides, (ii) chloride is the main halogen found in biological systems, and (iii) the pH of the M. tuberculosis-containing phagosome falls in the range from 6.0 to 7.0 (21, 49) , we chose to analyze the anti-M. tuberculosis activity of EPO plus chloride at pH 7.0 in the presence of 0.25 mM H 2 O 2 , which ensured high EPO activity at a wide range of pH values (pH 5.5 to 7.0). These conditions can be considered to be representative of the conditions for EPO activity in vivo, even though more favorable conditions for the enzymatic activity of EPO might be found in specific compartments.
When these assay conditions were used, EPO exhibited strong anti-M. tuberculosis activity. Varying the halide included in the assay mixture did not significantly improve the anti-M. tuberculosis activity of EPO, which maintained its killing activity even in the absence of a halide.
The enzyme exhibited consistent killing activity against the pathogen even when its cosubstrate, H 2 O 2 , was absent. The bactericidal activity of EPO in the absence of peroxide is not surprising, since a similar activity against both bacteria and parasites has been reported by other authors (23, 36) . Our findings do not allow attribution of this activity to the high positive charge of EPO as reported for other eosinophilic cytotoxic proteins (7), since at high concentrations protamine did not mimic this effect. It is unclear how EPO can act in the absence of H 2 O 2 . One possibility is that even traces of H 2 O 2 generated by M. tuberculosis escaping the intrabacterial dismutase activity of catalase might trigger the enzymatic activity of EPO. It is very likely that the M. tuberculosis killing activity of EPO could be greatly improved by its capacity to bind to anionic cell surfaces, where it can accumulate and trap even traces of peroxide which may come from either the M. tuberculosis interior in our in vitro model or from other bystander cells in vivo. Another possibility is that EPO can produce H 2 O 2 by itself. However, this possibility seems unlikely since the activity of peroxidases proceeds in the presence of NADH (or (14), did not inhibit the antimycobacterial activity of EPO supports the concept that EPO also works independent of its enzymatic activity through an unknown mechanism. However, the inhibition of aminotriazole was not complete and reached only about 85%. Therefore, this finding cannot exclude the possibility that residual enzymatic activity can act on the pathogen. We also examined the morphology of EPO-treated M. tuberculosis by both SEM and TEM. As determined by SEM analysis, M. tuberculosis preparations treated with EPO or EPO plus H 2 O 2 frequently showed blebs and fragments, suggesting that there was increased cellular permeability. However, TEM analysis, besides confirming the severe damage to M. tuberculosis induced by EPO, revealed that the blebs were not abundant, as suggested by their appearance in SEM preparations. On this basis, we think that the structures covering EPO-treated M. tuberculosis cells are not blebs budding from the bacterial body but are fragments derived from bacteria undergoing lysis and attached to intact cells. Therefore, EPO activity causes strong alterations of the cell wall, fragmentation, and eventually, after 120 min of incubation, lysis of the major part of the pathogens. These changes were particularly noticeable when H 2 O 2 was present. Among the proteins known to exhibit bactericidal activity against mycobacteria, EPO seems to be the most potent. The other known mycobactericidal proteins, such as defensins (38, 43, 44) , protregrins (35) , NK lysins (2), and granulysin (19, 48) , exhibit significant mycobactericidal activity starting at a concentration of 10 M. After 4 to 5 h, a minimal effect was found, and at least 24 h was required before significant activity of these proteins was observed. Additionally, glutathione and S-nitrosoglutathione are able to kill mycobacteria, but in this case the activity is even weaker, on a molar basis, than the activities of the proteins mentioned above. These tripeptides exhibit significant killing activity against Mycobacterium bovis at a concentration of 2.5 mM after a period of at least 40 h (20) . Conversely, EPO is active at lower concentrations, with significant killing of M. tuberculosis observed at a concentration of 0.25 M in the absence of H 2 O 2 . In the presence of H 2 O 2 , EPO shows activity at lower concentrations (0.12 M), and the maximum effect is observed with 0.25 to 0.5 M EPO. Furthermore, EPO exhibits its antimycobacterial effect in a shorter time; after 60 min of incubation about 80% of the bacteria are dead, and in the presence of H 2 O 2 , no CFU are observed after 24 h. Moreover, EPO is the only antimycobacterial protein capable of inducing bacterial fragmentation and lysis, a process that is evident even after 45 min of treatment and ensures definitive bacterial inactivation.
Recently, we showed that MPO, the peroxidase in neutrophilic granulocytes, kills M. tuberculosis. However, the mechanism of the mycobactericidal activity of EPO differs from that of MPO. While MPO kills M. tuberculosis only in the presence of H 2 O 2 and apparently does not induce alterations in pathogen morphology, EPO is active even in the absence of exogenously added hydrogen peroxide and strongly perturbs the cell wall of M. tuberculosis, with eventual lysis of the microorganism.
In the presence of exogenously added H 2 O 2 , the bactericidal activity of EPO is enhanced, and after 24 h there are no viable cells. The similarity between the morphology of bacteria treated with EPO and the morphology of bacteria treated with EPO plus H 2 O 2 suggests that the difference in bactericidal efficiency is quantitative rather than qualitative. Apart from the mechanisms of action of EPO, these findings suggest that in vivo, where hydrogen peroxide is degraded by a variety of mechanisms by both host cells and pathogens, EPO is expected to be more active than MPO; in fact, the latter enzyme does not show anti-M. tuberculosis activity in the absence of exogenously added H 2 O 2 .
We believe that it is it unlikely that toxic components other than EPO present in eosinophilic granules (22) can be responsible for the activity described above for the following reasons. First, our EPO preparation was highly pure, almost exhibiting the highest Rz reported to date, and produced a single band in SDS-PAGE gels. Second, our EPO preparation was devoid of RNase activity (data not shown), showing that two major toxic components of the eosinophilic granules, eosinophil cationic protein and eosinophil-derived neurotoxin, both members of the RNase superfamily (47), were either absent or present at negligible levels.
It is noteworthy that after short incubation times in the absence of H 2 O 2 , EPO killed no more than 80%of the M. tuberculosis cells. Increasing the incubation time did not significantly improve this activity. Therefore, the M. tuberculosis population might be heterogeneous in terms of susceptibility to EPO killing activity, and it is unclear why some bacteria may be resistant to EPO. One possibility is that the amount of enzyme which M. tuberculosis can bind to its surface varies among the cells in a bacterial population. In this case, bacteria heterogeneous for surface charge should be also heterogeneous for an EPO effect. In the presence of H 2 O 2 , all bacteria are killed. We speculate that during the first 2 h the population of bacteria killed corresponds to the population killed by EPO in the absence of H 2 O 2 . However, under these conditions, the activity is greater, and when the incubation time is increased, even those bacteria that resist the action of EPO alone succumb.
Some years ago, we demonstrated that human monocytederived macrophages can endocytose EPO at a higher efficiency than they can endocytose MPO. EPO-containing plasma membrane-borne vesicles may escape the fusion failure imposed by M. tuberculosis and reach the phagosome interior, as reported for other types of pinocytic vesicles (13, 42) . Therefore, macrophages could be armed through extracellular EPO more efficiently than through MPO. EPO, either alone or in combination with H 2 O 2 produced from the macrophage itself and discharged into the phagosome, can strongly improve the antimycobacterial activity of these phagocytes.
In conclusion, EPO offers various advantages over MPO for defining an antimycobacterial strategy. On a molar basis, EPO is as active against mycobacteria as MPO is, but EPO can work even in the absence of exogenously added H 2 O 2 . EPO is expected to reach the phagosome interior in the whole macrophage. This means that an EPO-containing macrophage may exhibit strong antimycobacterial activity. Experiments are under way to examine this hypothesis in in vivo models of tuber-culosis in rabbits that are given aerosolized EPO and in cultures of either resident or activated human alveolar macrophages exposed to the purified enzyme.
